A novel bacterial strain, designated hydD52
In 1995, Sorokin [1] first described the genus Sulfitobacter as follows: Gram-stain-negative, aerobic and sulfur-oxidizing chemolithoheterotrophic bacteria whose G+C content is between 59-62 mol% and with ubiquinone 10 (Q-10) as the major respiratory quinone. The genus Sulfitobacter is a member of the family Rhodobacteraceae in the phylum Proteobacteria. Eighteen species of Sulfitobacter are listed in the List of Prokaryotic names with Standing in Nomenclature (www.bacterio.net/sulfitobacter.html) at the time of writing. The isolation sources of the genus Sulfitobacter are diverse sea habitats [2] , such as starfish (Stellaster equestris) and sea grass (Zostera marina) [3] as well as a water sample from the North Sea [4, 5] , seawater from the South Sea, Republic of Korea [6] , seawater from the East Sea, Republic of Korea [7] and a toxic marine diatom [8] . In this study, we describe the bacterial strain hydD52 T , which was isolated from a sample of tidal flat sediment of the Yellow Sea. Based on the polyphasic analysis, we propose that hydD52
T represents a novel species of the genus Sulfitobacter.
Strain hydD52
T was isolated from a serially diluted seawater suspension of tidal flat sediment from the Yellow Sea, as previously reported [9] . After incubation for 1 week at 25 C, the colonies formed on solid mineral salt medium were transferred onto marine agar (MA; BD) and purified by using a standard plating technique until pure cultures were obtained. The isolate was preserved at -80 C in 10 % (v/v) glycerol solution.
The cell morphology of strain hydD52
T was observed by scanning electron microscopy. The cells cultivated in marine broth for 1 day at 30 C were fixed in a 2.5 % paraformaldehyde-glutaraldehyde mixture buffered with 0.1 M phosphate (pH 7.2) for 2 h, then post-fixed in 1 % OsO 4 in the same buffer for 1 h. The fixed sample was dehydrated with a series of ethanol gradients, followed by isoamyl acetate, and dried at the critical point in CO 2 . Finally, the specimen was sputtered with gold in a sputter coater (SC502, Polaron) and observed using the scanning electron microscope (Quanta 250 FEG, FEI). Gram-staining was performed as described by Buck [10] . Motility of strain hydD52
T was tested by monitoring the colony development pattern over 7 days after placing a drop of culture broth on soft MA containing 0.4 % agar (w/v). Motility of the strain was also examined by the wet mount and hanging-drop technique as described by Murray et al. [11] with a light microscope (Nikon Eclipse 80i). The presence of flagella was observed by transmission electron microscopy after negative staining as described previously [12] . The optimal temperature for growth was investigated at temperatures of 4, 10, 20, 25, 30, 37 and 42 C on MA. Growth at various pH values (pH 5.0-10.0 at intervals of 0.5 pH units) was assessed with MA after 3 days. The pH of the medium was adjusted with 1 M solutions of NaOH or HCl before autoclaving. Salt tolerance was examined using Reasoner's 2A broth (MB cell) supplemented with 1-15 % NaCl. Catalase activity was tested by the production of oxygen bubbles when 3 % (v/v) H 2 O 2 was added to fresh cells. Oxidase activity was assessed by the development of a purple colour when oxidase reagent (bioM erieux) was added to fresh cells.
T was Gram-stain-negative, motile, oxidase (weak) and catalase-positive. The colonies were creamy, white and circular on MA after 3 days incubation. The cells had dimensions of 1.0-1.5Â0.5 µm with a single flagellum (Fig. S1 , available in the online version of this article). Strain hydD52
T could grow at 10-37 C (optimum, 30 C), at pH 6.0-10.0 (optimum, pH 7) and with 1-12 % (w/v) NaCl. Genomic DNA was extracted using a NucleoSpin Microbial DNA Kit (Macherey-Nagel) following the manufacturer's instructions. The 16S rRNA gene of strain hydD52
T was amplified with universal bacterial primers including the following: 27F (5¢-AGA GTT TGA TCC TGG CTC AG-3¢) and 1492R (5¢-TAC GGC TAC CTT GTT ACG ACT T-3¢). Then, all four primers, which included two additional internal primers, 785F (5¢-GGA TTA GAT ACC CTG GTA-3¢) and 518R (5¢-GTA TTA CCG CGG CTG CTG G-3¢), were used to sequence the nearly full length (1435 bp) of the 16S rRNA gene. The sequence was analysed using the EzTaxon database (www.ezbiocloud.net/) [13] 
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16S rRNA gene sequence similarities between strain hydD52
T and the type strains of the other validly published species of the genus Sulfitobacter were in range of 95.7-97.4 %.
To reconstruct a phylogenetic tree based on the 16S rRNA sequences, the 16S rRNA sequences of all Sulfitobacter species and related strains were aligned and edited manually using the BioEdit program [14] . A phylogenetic tree was reconstructed using MEGA version 7 [15] according to the neighbour-joining [16] , maximum-likelihood [17] and maximum-parsimony methods [18] . The topology of the phylogenetic tree was evaluated by performing a bootstrap analysis with 1000 trials. S. dubius KCTC 32184 T , S. indolifex KCTC 42173 T and S. delicatus KCTC 32183 T were selected as reference strains based on the combined phylogenetic tree (Fig. 1) and similarity values of the 16S rRNA gene comparison. The three reference strains were obtained from the Korean Collection for Type Cultures.
The DNA G+C contents of strain hydD52
T was determined by the high-performance liquid chromatography (HPLC) method [19] T . +, Growth; W, weak growth; -, no growth; R, regular rods; I, irregular rods. All strains formed white and creamy colonies, and had positive activities for catalase, esterase lipase (C8) and leucine arylamidase and utilized L-histidine and acetoacetic acid. Data for the related type strains were obtained from this study; otherwise, the indicated data were from a, Ivanova et al. [3] and b, Wagner-Döbler et al. [4] . T . These strains were grown on MA. Cells were harvested, saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI, 6.0 version). Fatty acid profiles were determined using the MIDI/Hewlett Packard Microbial Identification System with gas chromatography (6890N and 7683 autosampler, Agilent Technologies) according to the manufacturer's instructions [21] . The major cellular fatty acids of strain hydD52
T were C 18 : 1 !7c or C 18 : 1 !6c (summed feature 8), C 16 : 0 , C 18 : 1 !7c 11-methyl and C 19 : 0 !8c. Although the profiles were similar to those of the reference strains, the compositions in the strains differed quantitatively ( Table 2 ).
The respiratory quinone was analysed according to Komagata and Suzuki [22] . The isoprenoid quinone was extracted from 100 mg freeze-dried cells using chloroform/methanol (2 : 1, v/v). The crude quinone compound was purified with preparative thin-layer chromatography [TLC; 20Â20 mm, silica gel 60 F 254 plate (Merck) and petroleum benzene/ diethyl ether (9 : 1, v/v)]. The quinone profile was determined by reverse-phase HPLC with a mixture of methanol and isopropyl ether (3 : 1, v/v) as the mobile phase at a flow rate of 0.7 ml min
À1
. The quinone was detected using a UV detector at 270 nm. The result showed that ubiquinone 10 (Q-10) was the only respiratory quinone of strain hydD52
T .
The polar lipids were extracted from dried cells of strain hydD52 T and analysed by using the two-dimensional TLC method described by Komagata and Suzuki [22] . The polar lipid profile of hydD52 T contained diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine and an unidentified amino lipid (Fig. S2 ).
Enzyme activities, substrates that could be utilized as sole carbon sources and some physiological characteristics were tested using API 20NE, API 20E and API ZYM strips (bio-M erieux) and Biolog GNIII plates according to the manufacturer's instructions. Strain hydD52 T showed common properties characteristic for Sulfitobacter species, but it could be discriminated from its nearest neighbours by the presence of a set of phenotypic traits shown in Tables 2 and  S1 .
In conclusion, based on polyphasic analyses of the 16S rRNA gene sequences, DNA-DNA hybridization, physiological properties, chemotaxonomic results for the respiratory quinone, major fatty acids and the polar lipid profiles, we propose that strain hydD52
T represents a novel species of the genus Sulfitobacter for which the name Sulfitobacter aestuarii is proposed. 
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